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Qalg

Qal1 Modern stream deposits

Stream deposits related to Gilbert-episode lake 
and/or Great Salt Lake

Qaly Young stream deposits, undivided

Qat Stream terrace deposits

Qdd Detaic distributary channel-fill deposits

Qdf Detaic-fan deposits

Qdy

Fill and disturbed land

Younger deltaic deposits

Qh

Qht Tailings

Qldy Young lacustrine and deltaic 
deposits

Qlmy Young lacustrine mud deposits

Qlos Lacustrine oolitic sand deposits

Qlpm Lacustrine and playa mud deposits

Qly Young lacustrine deposits

Qsm Spring and marsh deposits

Qsm/
Qaly

Spring and marsh deposits over 
young stream deposits, undivided

BAILEYS LAKEANTELOPE ISLAND SOUTH

Qal1 Modern stream deposits

Qafy Younger alluvial-fan deposits

Qdy Younger deltaic deposits

Fill and disturbed landQh

Qht Tailings

Qlb Lacustrine boulders

Qlg Lacustrine gravel and sand

Qlgy Young lacustrine gravel and 
sand

Qlgb
Lacustrine gravel and sand related to 

Bonneville shoreline and transgressive 
phase of Lake Bonneville

Qll Lagoon-fill deposits

Qlos Lacustrine oolitic sand deposits

Qlpm Lacustrine and playa mud deposits

Qlmy Young lacustrine mud deposits

Qlmk Lacustrine mud  and microbial 
carbonates

Qsm Spring and marsh deposits

Qldy Young lacustrine and deltaic 
deposits

Qh/Tsl Human disturbance over Salt 
Lake Formation, undivided

KXa Farmington Canyon Complex, 
altered and deformed rocks

Xfcp Farmington Canyon Complex, 
granite and pegmatite

Xfcb Farmington Canyon Complex, 
banded gneiss

Xfcu Farmington Canyon Complex, 
metamorphosed ultramafic rock

Xfcq Farmington Canyon Complex, 
quartz-rich gneiss

Xfcl Farmington Canyon Complex, 
layered gneiss

SALTAIR NE

Fill and disturbed landQh

Qlos Lacustrine oolitic sand deposits

Qlmy Young lacustrine mud deposits

Qlpm Lacustrine and playa mud deposits

Qsm Spring and marsh deposits
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(see booklet for complete unit descriptions)

Qdg Deltaic deposits related to Gilbert-episode 
lake and/or Great Salt Lake 

Xfc Farmington Canyon Complex, 
undivided (see cross section)
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from shallow seismic reflection data for 
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colors indicate relative age of youngest 
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Line of cross section
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2014)
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INTRODUCTION

This booklet accompanies the geologic maps of the Antelope 
Island South, Baileys Lake, and Saltair NE 7.5′ quadrangles. 
The mapped area is located west of downtown Salt Lake City 
and immediately west of the Salt Lake City International 
Airport, extending to the southeastern shore of Great Salt 
Lake. The area also includes the southeastern arm of Great 
Salt Lake, the southern tip of Antelope Island, and southern 
Farmington Bay. The area contains the northern part of the 
Kennecott Utah Copper, LLC tailings impoundments, Inter-
state 80, agriculture and pasture land, the International Center 
commercial area, the site of the under-construction Utah State 
Prison, part of the Farmington Bay Waterfowl Management 
Area, landfills, migratory bird refuges, and a number of duck 
hunting club wetlands. 

Plate 2 of this report provides supplemental information for 
all three geologic maps in the map area. Not all map units are 
present on each quadrangle (see plate 2). Cross sections A-A′′ 
and B-B′′ extend across multiple quadrangles (see plate 2). 

PREVIOUS WORK

The Baileys Lake and Saltair NE quadrangles, which do 
not contain bedrock exposed at the surface, have not been 
mapped at a scale of 1:24,000. Miller’s (1980) surficial geo-
logic map at a scale of 1:100,000 includes the area covered 
by these quadrangles.

The Antelope Island South quadrangle is composed of three 
parts: southern Antelope Island, Great Salt Lake, and the 
southeast shore area adjacent to the Baileys Lake quad-
rangle. The bedrock geology of Antelope Island was first 
mapped by Larsen (1957) at 1:24,000 scale, then by Graff 
and others (1980) at 1:48,000 scale. Doelling and others 
(1990) completed a surficial and bedrock geologic map of 
Antelope Island at 1:24,000 scale (subsequently published 
as a geographic information system [GIS] reproduction; 
see Doelling and others, 2018). The surficial geology of the 
southeast shore was mapped by Miller (1980) at a scale of 
1:100,000. The Doelling and others (1990, 2018) map, with 
some modifications to the surficial and bedrock geology, was 
our source for mapping the bedrock of the Antelope Island 
South quadrangle.

GEOLOGIC SUMMARY

The geology of the Antelope Island South, Baileys Lake, 
and Saltair NE quadrangles consists primarily of Quater-
nary surficial lacustrine, deltaic, alluvial, and marsh depos-
its. Bedrock is only exposed on the south part of Antelope 
Island (see the northern part of the Antelope Island South 
quadrangle). Antelope Island bedrock includes truncated 
Precambrian to Paleozoic and Tertiary sections (Doelling 
and others, 1990, 2018; Willis and Jensen, 2000; Yonkee and 
others, 2000a, 2000b; Willis and others, 2010), but the An-
telope Island South quadrangle has only Precambrian and 
Tertiary bedrock.
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Bedrock Stratigraphy and Geologic Structure

The oldest rocks in the map area include seven informal 
units of the Paleoproterozoic Farmington Canyon Complex 
(Yonkee and others, 2000a): (1) layered gneiss, (2) quartz-
rich gneiss, (3) metamorphosed ultramafic rock, (4) banded 
gneiss, (5) granite and pegmatite, (6) chloritic gneiss, and 
(7) phyllonite and mylonite. The chloritized and hemati-
tized gneiss, mylonite and phyllonite map units of Doelling 
and others (1990, 2018) is equivalent to the chloritic gneiss 
and phyllonite, and mylonite map unit of Yonkee and oth-
ers (2000a). Yonkee (1990) and Yonkee and others (2000a) 
reported that these units experienced greenschist retrograde 
metamorphism and shearing during Mesozoic thrusting and 
subsequent exhumation. Clark and others (2017) mapped 
them as Cretaceous-age, retrograde altered and deformed 
rocks of the Paleoproterozoic Farmington Canyon Complex 
(KXa). Other Precambrian and Paleozoic rocks found else-
where on Antelope Island (Doelling and others, 1990, 2018; 
Yonkee and others, 2000b) are not exposed on the Antelope 
Island South quadrangle. On the east side of Antelope Is-
land, the Tertiary Salt Lake Formation unconformably over-
lies the Farmington Canyon Complex (Doelling and others, 
1990, 2018; Willis and Jensen, 2000). Away from Antelope 
Island, several deep drill holes intercept bedrock similar to 
that exposed on Antelope Island.

The Farmington Canyon Complex rocks record a complex 
history of igneous intrusion, partial melting, high-grade meta-
morphism, and deformation (Hedge and others, 1983; Bry-
ant 1988; Yonkee and others, 2000a; Willis and others, 2010). 
The protolith of the Farmington Canyon Complex is likely 
an Archean (?) supracrustal sequence of sedimentary strata. 
These strata experienced Neoarchean (?) metamorphism and 
deformation prior to main-phase deformation which included 
the layered gneiss and quartz-rich gneiss. Paleoproterozoic 
granitic intrusions, main-phase metamorphism of upper am-
phibolite to granulite facies, and deformation produced the 
layered gneiss, quartz-rich gneiss, and ultramafic rock. Partial 
melting during this stage also produced pegmatite dikes and 
migmatite.  Following peak metamorphism and deformation, 
Proterozoic intrusion of late-stage granite crosscuts main-
phase foliation (Yonkee and others, 2000a). Nonconformable 
Neoproterozoic to Mesozoic deposition of sedimentary rocks 
followed; these rocks are preserved on the northern part of 
Antelope Island (Yonkee and others, 2000b), but they are not 
exposed on the Antelope Island South quadrangle (see Doel-
ling and others, 1990, 2018). The altered and deformed rocks 
(KXa) of the Farmington Canyon Complex record the defor-
mation and greenschist retrograde metamorphism that oc-
curred during the emplacement of large thrust sheets in the 
region during the Cretaceous Sevier orogeny (Yonkee, 1990; 
Yonkee and others, 2000a). Structural analysis and schematic 
regional cross sections suggest the bedrock of Antelope Island 
is in the footwall of the Willard thrust and hanging wall of the 
Ogden thrust (Yonkee, 1992; Willis and Jensen, 2000; Willis 
and others, 2010; Clark and others, 2017). 

The Precambrian bedrock on Antelope Island is separated 
from Paleozoic bedrock to the south of the study area in the 
Oquirrh Mountains by an inferred east-west-trending trans-
verse fault zone mapped by Clark and others (in review). The 
age, configuration, and movement direction on this fault zone 
is uncertain, but its existence is based on regional changes in 
stratigraphy and structural fabric in part of the Sevier thrust 
belt (Clark and others, in review).

Advancing thrust sheets and orogenic highlands shed large 
amounts of sediment during the Late Cretaceous to middle Eo-
cene. To the south, Eocene to Oligocene magmatism produced 
volcanic deposits and volcaniclastic sediment (Biek and others, 
2005, 2007, 2018; Solomon and others, 2007, 2018; McKean, 
2014; Clark and others, 2017). Synorogenic and igneous-relat-
ed deposits unconformably overlie Precambrian to Mesozoic 
bedrock in the region. Large-displacement extensional normal 
faults during the Miocene to Holocene created the current ba-
sin and range-type topography. Slip along extensional faults 
formed the horst block of bedrock that is Antelope Island and 
Tertiary-Quaternary sediment filled grabens present in all three 
quadrangles (Bortz and others, 1985; Viveiros, 1986; Wilson 
and others, 1986; Lambert and West, 1989; McNeil and Smith, 
1992; Petropoulos, 1994; Mohapatra, 1996). The Salt Lake For-
mation on the east side of Antelope Island was deposited in one 
of these Tertiary basins beginning in the Miocene between 11 
and 8 Ma (Willis and Jensen, 2000). 

Extension is still occurring on basin and range normal faults of 
the Intermountain Seismic Belt. The main trace of the Wasatch 
fault zone is east of the study area (see Personius and Scott, 
1992; Nelson and Personius, 1993; and McKean, 2014). With-
in the study area the Antelope Island segment of the Great Salt 
Lake fault zone located west of Antelope Island has evidence 
of Holocene surface faulting (see Colman and others, 2002; 
Pechmann and Dinter, undated; Dinter and Pechmann, undat-
ed; Dinter and Pechmann, 2014; and Clark and others, 2017). 
Part of the West Valley fault zone, antithetic to the Wasatch 
fault zone (Keaton and others, 1987; Keaton and Currey, 1989; 
Hylland and others, 2014), is present in the eastern part of the 
Baileys Lake quadrangle. These faults are discussed in detail 
in the “Selected Geologic Hazards” section.

Surficial Geology

Surficial geologic deposits in the map area consist of Qua-
ternary lacustrine, deltaic, alluvial, and marsh deposits. La-
custrine and deltaic sediments were deposited by late Pleisto-
cene Lake Bonneville (30 to 13 ka), the Gilbert-episode lake 
(~11.5 ka), and Holocene Great Salt Lake (since ~11 ka) (see 
table 1; unless noted, all ages are in calibrated years). Follow-
ing Oviatt (2014), the Gilbert-episode lake is regarded as a 
separate lake rather than a phase of the Bonneville or Great 
Salt Lake cycles. The Gilbert-episode deposits and shoreline 
are exposed at elevations below about 4250 feet (~1295 m), 
with no evidence of Gilbert-episode shorelines above that el-
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evation, which is consistent with Oviatt (2014). The mapped 
Great Salt Lake historical highstand shoreline “h” is at or be-
low the superelevated shoreline mapped by Atwood (2006) on 
Antelope Island. Holocene Great Salt Lake ooids are common 
in and near the lake and are discussed in greater detail in the 
“Ooids” subsection.

A thin loess conceals many of the deposits in the area. In some 
exposures a weak buried soil divides the loess into upper and 
lower parts. Optically stimulated luminescence (OSL) dating 
of upper and lower loess deposits at the Baileys Lake paleo-
seismic trench site yielded ages of 3.2 ± 0.5 ka and 12.5 ± 1.4 
ka, respectively (Hylland and others, 2012, 2014). The loess 
in these trenches probably correlates with the loess observed 
in hand-dug auger holes in the map area. The presence of loess 
in the auger holes was used to distinguish between older de-
posits (Pleistocene and Holocene) that predate the loess and 
younger deposits (Holocene) that postdate the loess (see note 
in figure 1).

A number of active (Holocene) geologic hazards are mapped 
in the quadrangles, including landslide deposits (Qms) and 
surface fault ruptures (scarps). These geologic hazards are de-
scribed and discussed in more detail in the “Selected Geologic 
Hazards” section.

Ooids

Ooids are carbonate-coated grains that formed (and continue 
to form) in the hypersaline, carbonate-saturated Holocene 
Great Salt Lake and are found in a number of surficial geo-
logic units in the map area (Qlgy, Qlmy, Qlpm, Qlos, and 
Qly). Wave and wind action transports ooids along the lake 
shore and periodic flooding of Great Salt Lake has transported 
ooids inland. 

Previous authors have researched many aspects of Great Salt 
Lake and Lake Bonneville ooids including their origin, for-
mation, and age (for example, Mathew, 1930; Eardley, 1938; 
Kahle, 1974; Sandberg, 1975; Halley, 1977; Folk, 1993; Folk 
and Lynch, 2001; Pedone and Norgauer, 2002; Rey, 2012; 
McGuire, 2014; and Paradis and others, 2017). Traditionally 
ooids are difficult to date because they form episodically by 
adding laminae over time and can have long time intervals 
without carbonate formation. Radiocarbon dating of a single 
ooid or group of ooids represents the average laminae forma-
tion age of a grain or group of grains that may have formed 
over hundreds to thousands of years. To constrain timing of 
ooid formation in Great Salt Lake, samples of oolitic sand 
from unit Qlos (table 2, RC1 on Antelope Island South) were 
collected and radiocarbon dated (McKean and others, 2016). 
Ooids were dated using a method described by Duguid and 
others (2010) and McGuire (2014) that attempts to date the 
ooid laminations from cortex to core in steps, instead of dating 
the ooid as a whole. The carbonate outer cortex and inner core 
group of laminae (not including the core or nuclei material) 

of our samples were radiocarbon dated to better determine the 
minimum and maximum formation age of the ooid over time. 
Samples of ooids (unit Qlos) from the Antelope Island South 
quadrangle (table 2) formed between 6000 and 7500 cal yr 
B.P. (McKean and others, 2016). Great Salt Lake ooid ages in 
McGuire (2014) from Bridger Bay, on the north side of Ante-
lope Island, have a roughly 6000-year (radiocarbon) age span 
(8144 to 2024 14C yr B.P.). Ooids from Rozel Point on the 
north shore of Great Salt Lake had an average age of 500 14C 
yr B.P. (McGuire, 2014). The different ages of ooid formation 
show a time frame that spans the upper and middle Holocene. 
The large age range is expected since Great Salt Lake water 
level has oscillated numerous times in the Holocene and the 
lake has usually been saturated with carbonate, resulting in 
locations having adequate conditions for ooid formation at 
different time periods. 

Drill Hole Data

Very little bedrock is exposed at the surface within the map 
area. A combination of exploration drill holes/wells, water 
wells, gravity data, and seismic data discussed below provide 
vital data for interpreting the subsurface geology. For a sum-
mary and location of the exploration wells and select water 
wells described below see tables 3 and 4 and plate 1 for each 
map. Seismic data are discussed in a subsequent section.

In the Antelope Island South and Baileys Lake quadrangles, 
three drill holes (DH1, DH5, and DH6) penetrated Pre-
cambrian bedrock. Pre-Tertiary bedrock was not penetrated 
by several drill holes in the eastern part of the Baileys Lake 
quadrangle but Mesozoic and Paleozoic strata may be present 
under much of the eastern part of the quadrangle based on 
the geology of exposed bedrock and drill holes outside of the 
quadrangle (Van Horn, 1981; Bryant, 1988, 1990; Solomon 
and others, 2007, 2018; McKean, 2014). Exposed geology in 
adjoining quadrangles implies that several major Sevier-age 
thrust faults are present in the Precambrian to Mesozoic strata 
in the subsurface. The location and exact nature of these struc-
tures are uncertain (figure 2 in Yonkee, 1992; figure 3 in Willis 
and Jensen, 2000; figure 2 in Willis and others, 2010; Clark 
and others, 2017; Clark and others, in review).

Saltair #1 (DH5)

In the Baileys Lake quadrangle, the geophysical log of the 
Saltair #1 well (table 3) indicates that the Quaternary-Tertiary 
contact is at a depth of 1288 feet (393 m) and the Tertiary-
Precambrian contact is at a depth of 3070 feet (936 m) (Willis 
and Jensen, 2000). 

Saltair #2 (DH6)

In the Baileys Lake quadrangle, geophysical and geologic logs 
for the Saltair #2 well (table 3) place the top of the Tertiary at a 
depth of 1086 feet (331 m). Two boxes of core labeled as 1721 
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to 1740-foot (525–530 m) and 3200 to 3207-foot (975–977 
m) intervals both contain consolidated rock that appears to 
be Precambrian high-grade metamorphic bedrock (Willis and 
Jensen, 2000). Willis and Jensen (2000) suggested the box 
listing shallower depths is likely mislabeled and estimated 
the Tertiary-Precambrian contact to be below the 3000-foot 
interval. The total depth of the well is 3207 feet (977 m). Our 
review of the basin configuration, geophysical well logs, and 
the Saltair #1 well confirms their conclusion. 

Whitlock-Morton Salt Co. #1 (DH1)

In the Antelope Island South quadrangle, the geophysical log 
of the Whitlock-Morton Salt Co. #1 well (table 3) indicates 
the top of the Tertiary is at 1430 feet (426 m), and that the Ter-
tiary section is composed of unconsolidated sediments with 
approximately 300 feet (~100 m) of interleaved volcanic rock 
within the 2300 to 2800-foot (700–850 m) depth interval. The 
volcanic interval is dated at 34 to 37 Ma (late Eocene) (Willis 
and Jensen, 2000). These strata may include a thin interval of 
Miocene Salt Lake Formation (Arnow and Mattick, 1968) at 
the top of the section. Arnow and Mattick (1968) and Willis 
and Jensen (2000) reported the top of high-grade metamor-
phic Precambrian rock at 3650 feet (1113 m) and a conglom-
erate at 4126 feet (1258 m), which could be interpreted as 
a normal sequence of Precambrian rocks or, alternatively, a 
younger conglomerate in the footwall of a thrust. The total 
depth of the well is 4231 feet (1290 m).

Other wells

Two water wells (see table 4) south of the Antelope Island South 
quadrangle in the Farnsworth Peak quadrangle encountered 
what are likely Paleozoic units. Water well 427887 (table 4) en-
countered valley fill to 475 feet (145 m) followed by limestone 
and quartzite to a drill depth of 485 feet (148 m) (Clark and oth-
ers, 2017). Water well 12621 (table 4) encountered valley fill to 
882 feet (269 m) and limestone to a drill depth of 886 feet (270 
m) (Clark and others, 2017). The presence of subsurface Paleo-
zoic rocks south of the Precambrian rocks supports the position 
of the inferred east-west-trending transverse fault zone between 

the Precambrian bedrock of Antelope Island and the Paleozoic 
bedrock of the Oquirrh Mountains (Clark and others, in review).

Two water wells (see table 4) north of our study area on the 
southeast side of Antelope Island penetrated Quaternary, Ter-
tiary and Precambrian units. The western water well (table 4), 
and the shallower of the two, encountered Tertiary conglomer-
ate strata at 100 feet (30 m). Precambrian gneiss and granitic 
bedrock were encountered from 500 feet (152 m) to 600 feet 
(183 m) (Willis and Jensen, 2000). The eastern water well 
(table 4) encountered Tertiary Salt Lake Formation at 100 feet 
(30 m) and Tertiary conglomerate strata from 1200 feet (366 
m) to 2082 feet (635 m); the rock type at total depth is incon-
clusive but the hole may have bottomed in metamorphic rock 
(Willis and Jensen, 2000). A calculated dip of about 40° E. for 
the Tertiary units is consistent with the average range of 20° to 
45° dips of Tertiary outcrop on the east side of Antelope Island 
(Doelling and others, 1990, 2018; Willis and Jensen, 2000).

Sediment cores

A number of regionally correlated tephras were previously 
identified in two sediment cores (SC1, SC2) in the southern 
half of the Baileys Lake quadrangle. In the Saltair core (SC1, 
table 5) previous authors identified and correlated the Natu-
ral Trap(?), Lava Creek B (0.64 Ma), and Bishop ash (0.759 
Ma) beds (Eardley and Gvosdetsky, 1960; Eardley and oth-
ers, 1973; Williams, 1994). In the S28 core (SC2, table 5) 
previous authors identified and correlated the Natural Trap(?), 
Lava Creek B, Ranch Canyon, Rye Patch Dam, and Bishop 
ash beds (Eardley and others, 1973; Williams, 1994; Lanphere 
and others, 2002). While not used to create the cross section, 
these ash beds provide a calibration for depth to these region-
ally important Quaternary ash bed deposits. 

Seismic Data

Baileys Lake

In the Baileys Lake quadrangle, a mostly east-west seismic 
refraction section collected by the U.S. Geological Survey 

Map No. Sample No. Latitude  
(°N)  

Longitude  
(°W) Reference Notes Age Data Summary

RC1 SLCN2014–278 40.80787 112.13103 McKean and  
others, 2016

3 ooid sand samples 
and 1 bulk soil sample

Averaged calibrated radiocarbon age 
for ooid formation is between 6000 
and 7500 cal yr B.P., calibrated ra-
diocarbon age of organic material in 
the soil developed on the lower ooid 
deposit had an average calibrated age 
of 344 ± 15 cal yr B.P. (see text and 
figure 3 for discussion)

Table 2.  Summary of radiocarbon age analyses from the Antelope Island South quadrangle.

Notes:
Map number corresponds to sample identification on Antelope Island quadrangle
Location based on NAD83
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shows thicknesses and depths of Quaternary deposits, Tertiary 
deposits, and consolidated rocks (Arnow and Mattick, 1968). 
Well logs (lithologic and electrical) from exploration oil and 
gas wells were used in combination with an east-west seismic 
reflection line (R–11) across the Antelope Island South, Bai-
leys Lake, and Salt Lake City North quadrangles (Radkins and 
others, 1989; Hill and others, 1990) to help determine the sub-
surface contacts between Quaternary deposits (unconsolidated 
sediments), Tertiary strata (semiconsolidated to consolidated 
strata), Mesozoic to Paleozoic strata (consolidated strata), and 
basement bedrock (possibly Farmington Canyon Complex).

Farmington Bay of Great Salt Lake

The Precambrian rock and Tertiary deposits identified by bed-
rock outcrops and the two water wells on southeastern Ante-
lope Island can also be identified on seismic reflection profiles 
from Elf Aquitaine Petroleum and interpretations were made 
by Wilson and others (1986) and McNeil and Smith (1992). 
These authors interpret a bedrock high (or buried horst) be-
neath southern Farmington Bay, east of southern Antelope 
Island. The subsurface horst is bounded on the east and west 
by normal faults. The western fault shows down-to-the-west 
movement and is interpreted to offset Quaternary and Tertia-
ry sediments to a depth of 7000 feet (2100 m). The eastern 
faults show down-to-the-east movement with a deeper basin 
(14,000 feet [4200 m]) lying east of the seismic line nearer the 
Wasatch fault zone. In seismic reflection data collected by the 
U.S. Geological Survey, Lambert and West (1989) identified 
on their profile G-G' a consolidated high east of southern An-
telope Island with inferred down-to-the-west faulting, likely 
the same down-to-the-west normal fault interpreted by Wilson 
and others (1986) and McNeil and Smith (1992).

South arm of Great Salt Lake

North of the Antelope Island South quadrangle, an Amoco 
drill hole and seismic section (line 39) west of Antelope Island 
and west of the Great Salt Lake fault zone is interpreted to 
show an approximately 10,000-foot-deep (3000 m) Quaterna-
ry to Miocene basin (Bortz and others, 1985; Viveiros, 1986; 
Petropoulos, 1994; Mohapatra, 1996; Bortz, 2002).  Based on 
the geologic and geophysical log of the Antelope Island well 
(State of Utah E–1, table 3) located just north of this seismic 
section, Precambrian metamorphic rocks were encountered at 
9250 feet (2819 m) to 10,419 feet (3176 m). The geologic 
and geophysical log available for an Amoco drill hole called 
Sandbar (State of Utah N–1, table 3), to the south of the seis-
mic section, encountered Quaternary to Miocene units hav-
ing a thickness of approximately 6600 feet (2012 m). Beneath 
this is a series of fractured Paleozoic limestones at 7600 feet 
(2316 m) and 7643 (2329 m) to the total depth of 7864 feet 
(2397 m). This well supports the location of the inferred east-
west-trending transverse fault zone between the Precambrian 
bedrock of Antelope Island and the Paleozoic bedrock of the 
Oquirrh Mountains (Clark and others, in review).

Shallow seismic reflection profiles have also been collected in 
the north and south arms of Great Salt Lake to map the extent 
and length of the main and auxiliary faults of the Great Salt 
Lake fault zone and the Carrington fault. In 1997 Colman and 
others (2002) collected seismic reflection data of the faults 
beneath Great Salt Lake. Additional data were collected by 
Dinter and Pechman in 1998, 2003, 2006, 2009, and 2010 (see 
Pechmann and Dinter, undated; Dinter and Pechmann, undat-
ed; Dinter and Pechmann, 2014). Along with the seismic re-
flection profiles, sediment cores were collected adjacent to the 
fault zones in the hanging-wall deposits (Colman and others, 
2002; Dinter and Pechmann, 2005). The faults are described 
and discussed in more detail in the “Surface Fault Rupture” 
subsection of the “Selected Geologic Hazards” section.

 METHODS

Mapping of surficial deposits by the UGS is based on age and 
depositional environment or origin. The letters of the map 
units in order indicate (1) age (geologic period, e.g., Q for 
Quaternary); (2) primary depositional environment or origin, 
usually determined from geologic setting, landform or mor-
phology; (3) grain size(s), bedding, or other distinctive char-
acteristics of the deposits; and (4) additional significant infor-
mation, such as tighter age constraints (Doelling and Willis, 
1995). In the Bonneville basin ages are related to the phases 
of Lake Bonneville or numbered with 1 being the youngest 
(active) deposit. For example, unit Qal1 is a Quaternary surfi-
cial deposit of alluvial stream origin (al), and the number one 
indicates it is young and potentially historically active.

Mapping for the project was done on stereographic pairs of 
aerial photographs from the following sources: black-and-white 
aerial photographs at approximately 1:20,000 scale from the 
U.S. Department of Agriculture (USDA) Agricultural Stabiliza-
tion and Conservation Service (1937, 1971), and natural color 
aerial photographs at approximately 1:40,000 scale from the 
USDA National Agriculture Imagery Program (2009). Some 
contacts were mapped from U.S. Natural Resources Conserva-
tion Service (NRCS) (2010) soil maps. The geologic map was 
made by transferring the geology from the aerial photographs to 
a GIS database using the programs ArcGIS, VROne, and VRT-
wo for a target scale of 1:24,000. We mapped some contacts and 
faults using 1-meter lidar data acquired by the UGS (available 
from Utah Automated Geographic Reference Center [AGRC], 
2011, and OpenTopography, 2011). Aerial-photographic and 
field mapping of the surficial geologic deposits in the Antelope 
Island South, Baileys Lake, and Saltair NE quadrangles were 
completed in 2013. The bedrock geology of Antelope Island 
South was digitized and modified by Clark and others (2017) 
from Doelling and others (1990, 2018) and Yonkee and oth-
ers (2004a). On the Antelope Island South quadrangle, Clark 
and others (2017) is the source for the mapped location of the 
Great Salt Lake fault zone. We completed approximately 50 
hand-auger boreholes to depths of <1 to 9 feet (<30 cm to 3 
m) in the surficial deposits, which helped reveal Holocene and 
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Pleistocene strata (figure 1) and make correlations with strata 
exposed and dated in the Baileys Lake paleoseismic trenches 
on the Granger fault (Hylland and others, 2012, 2014). Table 
1 provides time constraints and elevations for many geologic 
units and is based on features produced by Lake Bonneville, the 
Gilbert-episode lake, and Great Salt Lake. 

The 2017 U.S. Geological Survey topographic map for the 
Antelope Island South quadrangle lacks bathymetric contours; 
we digitally added contours from Baskin and Allen (2005) to 
supplement the topographic map.

We created cross sections A-A′′ and B-B′′ by combining avail-
able subsurface seismic and gravity data from a number of 
sources (Cook and Berg, 1961; Arnow and Mattick, 1968; 
Zoback, 1983; Bortz and others, 1985; Viveiros, 1986; Wil-
son and others, 1986; Lambert and West, 1989; Radkins and 
others, 1989; Hill and others, 1990; McNeil and Smith, 1992; 
Yonkee, 1992; Petropoulos, 1994; Mohapatra, 1996; Willis 
and Jensen, 2000; Bortz, 2002; Willis and others, 2010). We 
also used well logs (lithologic and electrical) from explora-
tion oil and gas wells (see table 3) and well logs from selected 
water wells (table 4) to help determine the subsurface contacts 
between the Quaternary, Tertiary, and pre-Cenozoic bedrock. 

SELECTED GEOLOGIC HAZARDS

The Antelope Island South, Baileys Lake, and Saltair NE 
quadrangles were mapped to provide the basis for identify-
ing and delimiting potential geologic hazards in future deriva-
tive UGS geologic hazard mapping. Geologic hazards in the 
map area include surface fault rupture, flooding associated 
with lake level rise, earthquake ground shaking, liquefac-
tion, tectonic subsidence/tilting, debris flow (Qafy), stream 
flooding (Qal1, Qaly), waves and flooding associated with 
earthquakes, shallow groundwater, corrosive soils, and other 
problem soils. Problem soil units include spring and marsh 
deposits (Qsm, and Qlam) which also correspond to areas 
of shallow groundwater, while clay-rich lacustrine and deltaic 
deposits (Qdy, Qlmy, Qlpm, Qly, and Qldy) may yield soil 
collapse or expansion problems. Two hazards are briefly dis-
cussed below. Additional geologic hazards may exist but are 
not addressed in this report. We recommend comprehensive 
site-specific geotechnical and geologic hazard investigations 
per the guidelines in UGS Circular 122 (Bowman and Lund, 
2016). See the UGS website (geology.utah.gov) for additional 
information on these and other geologic hazards.

Surface-Fault Rupture

Two Holocene-active fault zones are recognized in the study 
area: the Granger fault of the West Valley fault zone in the 
Baileys Lake quadrangle, and the Antelope Island segment 
of the Great Salt Lake fault zone in the Antelope Island 
South quadrangle.

West Valley fault zone, Granger fault

The north-south-trending West Valley fault zone is partially 
antithetic to the Salt Lake City segment of the Wasatch fault 
zone. These two fault zones bound an intrabasin graben in 
northern Salt Lake Valley. The West Valley fault zone includes 
the Granger (western) and Taylorsville (eastern) faults. The 
northern part of the Granger fault is in the Baileys Lake quad-
rangle. 

The Granger fault is a down-to-the-east normal fault approxi-
mately 11.5 miles (18.5 km) long end-to-end and is discontin-
uously exposed in this quadrangle and the adjoining Salt Lake 
City North and Salt Lake City South quadrangles (McKean, 
2014, 2017). The fault scarps are typically 2 to 5 feet (0.5–1.5 
m) high with a maximum height of 20 feet (6 m) near the 
southern end of the Granger fault (Keaton and others, 1987; 
Keaton and Currey, 1989; Hylland and others, 2014). 

Surface traces of the West Valley fault zone (including the 
Granger fault) were first shown as faults by Marsell and Threet 
(1960) on their Salt Lake County geologic map. Cook and 
Berg (1961) correlated the Granger-area faults to a steep grav-
ity gradient in what they called the Jordan Valley graben. Ma-
rine and Price (1964) named the faults the Granger and Tay-
lorsville faults of the Jordan Valley fault zone, and provided 
drill hole data for displacement minimums across the faults. 
Van Horn’s (1979, 1982) 1:24,000-scale surficial geologic 
maps of the area did not show the fault zone; instead he attrib-
uted the scarps to differential erosion of distinct stratigraphic 
units (Van Horn, 1986, personal communication in Keaton 
and others, 1987). Miller’s (1980) 1:100,000-scale surficial 
geologic map included the northern part of the Granger fault 
in the Baileys Lake and Salt Lake City North quadrangles as 
scarps with uncertain origin. Keaton and others (1987) and 
Keaton and Currey (1989) conducted the first detailed investi-
gations of the fault zone and confirmed, through geomorphic 
mapping, trenches, and boreholes, the existence of the Grang-
er and Taylorsville faults. They proposed the West Valley fault 
zone name for the structure and retained the existing Granger 
and Taylorsville fault names. Only a few paleoseismic inves-
tigations (Keaton and others, 1987; Keaton and Currey, 1989; 
Hylland and others, 2014, 2017; see plate 2) have been con-
ducted on the fault zone. These studies are discussed below. 

Keaton and others (1987) and Keaton and Currey (1989) stud-
ied the Granger fault at two localities in the Salt Lake City 
North quadrangle and three localities in the Salt Lake City 
South quadrangle. In the Salt Lake City North quadrangle 
they used boreholes at two localities to determine offset in the 
subsurface across the Granger fault. One set of boreholes was 
at the Three Flags locality and the other set was at the Goggin 
Drain locality (both localities are in section 6, T. 1 S., R. 1 W., 
Salt Lake Base Line and Meridian [SLBLM]) (Keaton and 
Currey, 1989). These shallow boreholes identified offset in the 
near-surface sediment. In the Salt Lake City South quadran-

https://geology.utah.gov/
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gle, they used boreholes at two localities to determine offset in 
the subsurface across the Granger fault. One set of boreholes 
was at 1300 South near about 4800 West (Keaton and Cur-
rey, 1989) and the other set was in a lot at 3166 South 3200 
West (Keaton and others, 1987). Keaton and others (1987) 
excavated two trenches and six boreholes at the Utah Depart-
ment of Transportation facility near 4501 Constitution Blvd. 
and identified faulting in the trenches and boreholes (see plate 
1 in McKean, 2017). They also conducted geomorphic map-
ping of cross-cutting relationships between the Granger fault 
and several post-Bonneville alluvial channels (see figure 6a in 
Keaton and others, 1987; unit Qaf2a in McKean, 2017; units 
Qdg and Qafg this report). They characterized deformation 
along the Granger fault as shear on a typically discrete normal 
fault plane, as opposed to more monoclinal warping of beds 
commonly found on the Taylorsville fault (Keaton and oth-
ers, 1987; Keaton and Currey, 1989). These studies provided 
definitive evidence for surface-fault ruptures on the Granger 
fault and long-term (140 kyr) cumulative displacements and 
slip rates for the West Valley fault zone. However, they were 
unable to provide individual earthquake timing and displace-
ment data.

In September 2010, the Utah Geological Survey (UGS) exca-
vated trenches to depths of 5 to 10 feet (1.5–3.3 m) across two 
strands of the Granger fault within the Baileys Lake quadran-
gle as part of a paleoseismic investigation of the West Valley 
fault zone (Hylland and others, 2014). The trenches revealed 
that prehistoric earthquakes on the Granger fault have cre-
ated 1- to 3-foot-high (0.4–1 m) fault scarps at the Baileys 
Lake site. The investigation documented four large (surface-
faulting) earthquakes since the highstand of Lake Bonneville 
(~18 ka), the most recent having occurred about 5.5 ka. Al-
though the earthquake timing does not provide an unequivocal 
coseismic link between the Granger fault and Salt Lake City 
segment of the Wasatch fault zone, it does suggest that large 
earthquakes on the West Valley fault zone are likely synchro-
nous with, or triggered by faulting on the Salt Lake City seg-
ment (Hylland and others, 2014; DuRoss and Hylland, 2015).

Great Salt Lake fault zone, Antelope Island segment

The Great Salt Lake fault zone, formerly known as the East 
Great Salt Lake fault, is a west-dipping normal fault zone and 
set of auxiliary faults submerged beneath Great Salt Lake 
(Dinter and Pechmann, 2014). The fault zone consists of four 
segments from north to south: Rozelle, Promontory, Fremont, 
and Antelope Island. Seismic reflection profiling has been 
used to map individual fault strands (see Colman and others, 
2002; Pechmann and Dinter, undated; Dinter and Pechmann, 
undated; Dinter and Pechmann, 2014; and Clark and others, 
2017). Along with the seismic reflection profiles, sediment 
cores were collected adjacent to the faults in the hanging-wall 
and footwall deposits to determine the depositional and dis-
placement history along the fault zone (Colman and others, 
2002; Dinter and Pechmann, 2005). The average single-seg-
ment earthquake recurrence interval for the Antelope Island 

and Fremont Island segments was calculated to be 4200 ± 
1400 years, based on radiocarbon-dated seismic event hori-
zons (Dinter and Pechmann, 2005). In conjunction with the 
seismic profiles mentioned above, high-resolution bathymetry 
(Baskin and Allen, 2005; Baskin and Turner, 2006) was used 
to define segment boundaries, and to determine the segment 
fault rupture lengths and scarp heights for the Great Salt Lake 
fault zone (Dinter and Pechmann, 2014). The fault traces are 
published on the geologic map of the Tooele 30' x 60' quad-
rangle for the southern part of Great Salt Lake (Clark and 
others, 2017), which is the source of our data. We modified 
some traces of the main fault from Clark and others (2017) be-
tween seismic lines (see Dinter and Pechmann, 2014) to better 
match the bathymetry of the lake bed geometry near the north 
boundary of the Antelope Island quadrangle.

Janecke and Evans (2017) proposed revising the Great Salt 
Lake fault zone by reinterpreting existing fault segments and 
adding new fault mapping to create the Oquirrh-Great Salt 
Lake fault zone (similar to Youngs and others, 1987), with 
nine segments from north to south: North Promontory, Tarpey, 
Promontory, Fremont Island, Antelope Island, North Oquirrh, 
South Oquirrh Mountain, Topliff, and East Tintic Mountain 
segments. Their interpretation removes the Rozelle segment 
from the Great Salt Lake fault zone and considers it to be a 
separate structure called the Rozelle fault zone. In the Antelope 
Island South quadrangle, the fault traces of Janecke and Evans 
(2017) coincide with those shown by Clark and others (2017) 
where the two are crossed by seismic profiles (see Dinter and 
Pechmann, 2014). Between seismic lines they commonly di-
verge. Mapping fault scarp locations in a lacustrine setting is 
problematic even with imagery and bathymetry, as a break in 
slope (scarp, if fault origin) cannot be directly observed to con-
firm its tectonic or lacustrine origin. Seismic data are needed 
to confirm the tectonic origin of a break in slope in a lacus-
trine setting. On the Antelope Island South geologic map we 
show seismically confirmed fault traces modified from Clark 
and others (2017). Just west of the southern tip of Antelope 
Island, we have also included a modified trace from Janecke 
and Evans (2017) as an unconfirmed fault trace. The feature 
(tectonic or lacustrine in origin) was not crossed by previous 
seismic profiles (see Dinter and Pechmann, 2014) and has a 
break in slope, according to current bathymetry (Baskin and 
Allen, 2005), of about 10 feet (3 m). The other mapped faults 
of Janecke and Evans (2017) were not included on this map 
because they (1) coincided with those published in Clark and 
others (2017) at the location where seismic profiles crossed 
them but diverge from each other away from the seismic lines, 
(2) did not show a scarp height greater than one foot (0.3 m) 
in the bathymetry, and/or (3) were crossed by seismic pro-
files and faulting was not identified (Dinter and Pechmann, 
2014). For example, the eastern fault splay of Janecke and 
Evans (2017) south of Antelope Island is not included because 
it is crossed by seismic profiles in three separate locations that 
do not show fault displacement (see Dinter and Pechmann, 
2014). Many of Janecke and Evans’ (2017) scarps that are not 
included on this map as faults could represent traces of the 
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Antelope Island segment, but more seismic work is needed to 
confirm their fault origin. Bathymetric lidar, if collected in the 
future, could be used to supplement the seismic data to more 
accurately delineate, measure, and study this and other poten-
tial faults beneath Great Salt Lake.

Lake Flooding

The historical highstand of Great Salt Lake occurred in the 
late 1860s to early 1870s and again in 1986–87 at an elevation 
of about 4212 feet (1284 m) (figure 2) (Arnow and Stephens, 
1990). As mapped on plate 1, a lake-level rise to the histori-
cal highstand shoreline could potentially flood much of the 
low-elevation valley floor in the quadrangles and elevate shal-
low groundwater in adjacent areas. For planning and build-
ing purposes, land at and below this elevation should not be 
developed without significant mitigation for a reoccupation of 
the shoreline by Great Salt Lake. Land above this elevation 
could still be affected by elevated shallow groundwater level 
in the event of a lake-level rise and potential storm wave run-
up along the shoreline during high water years (Atwood and 
Mabey, 1995; Atwood, 2006).

SUMMARY OF HYDROGEOLOGY

The Baileys Lake, Antelope Island South, and Saltair NE 
quadrangles are strongly influenced by Great Salt Lake, 
other surface water, and shallow groundwater. Great Salt 
Lake occupies a closed basin and has fluctuated tens of feet 
throughout the Holocene (Murchison, 1989; see table 1). 
The average elevation of Great Salt Lake is 4200 feet (1280 
m), but historical elevations of the lake have been highly 
variable, ranging from about 4191 to 4212 feet (1277-1284 
m). Other water bodies in the map area have higher and 
varying elevations related to water-control structures used 
for wetlands mitigation, migratory bird refuges, and duck 
club ponds. Most groundwater in the map area has high total 
dissolved solids concentrations (1000 to >10,000 ppm); sa-
line conditions are especially prevalent along the margins of 
Great Salt Lake (Wallace and Lowe, 2009). 

Perched and shallow groundwater conditions exist across 
much of the map area. In the vicinity of the Baileys Lake 
fault trenches (Hylland and others, 2014) groundwater mon-
itoring in piezometers documented groundwater to within 
about 5 feet (1.5 m) of the ground surface during the 2009–10 
water year (data available at https://apps.geology.utah.gov/
gwdp/; see wells BL-P1 and BL-P2 at the Baileys Lake site). 
A deep confined aquifer and shallower unconfined aquifer 
form the principal aquifers for Salt Lake Valley. Many of 
the water wells in the confined aquifer in the area flow to the 
surface under artesian pressure. Groundwater flows toward 
or along the Jordan River, or toward Great Salt Lake (Wal-
lace and Lowe, 2009).

MAP UNIT DESCRIPTIONS

QUATERNARY

Alluvial Deposits

Qal1 Modern stream deposits (upper Holocene) – Mod-
erately sorted, medium- to light-brown sand, silt, 
and minor clay; very fine to medium-grained sand; 
contains thin discontinuous sand lenses; subangular 
to angular sand grains; thin to medium bedded; sand 
grains include quartz, lithic fragments, and mica 
flakes; mapped along Lee Creek and downstream 
of canals along shore of Great Salt Lake; mapped in 
active channels, floodplains, and on minor terraces 
less than 5 feet (1.5 m) above active channels; lo-
cally includes minor colluvium along steep stream 
embankments; includes channelized stream deposits 
and channel embankments; exposed thickness less 
than 10 feet (3 m).

Qaly Young stream deposits, undivided (upper to mid-
dle? Holocene) – Moderately sorted, light olive-
gray sand, silt, and minor clay; very fine to medi-
um-grained sand; contains thin discontinuous sand 
lenses; subangular to angular sand grains; thin to 
medium bedded; sand grains include quartz, lithic 
fragments, and mica flakes; mapped along the paleo-
Jordan River where the river incised down through 
the young lacustrine and deltaic deposits (Qldy) and 
formed the depression that hosts Baileys Lake and its 
associated wetlands (see plate 2); mapped in aban-
doned meander channels, floodplains, and on minor 
terraces less than 5 feet (1.5 m) above active chan-
nels; locally includes a loess veneer, and minor col-
luvium along steep stream embankments; includes 
some channelized stream deposits and channel 
embankments; includes young lacustrine and allu-
vial deposits mapped as Qlay by Solomon and oth-
ers (2007, 2018) in the Magna quadrangle, but not 
mapped separately in these quadrangles; correlative 
with younger stream deposits mapped as unit fay by 
Van Horn (1982) in the Salt Lake City North quad-
rangle; exposed thickness less than 15 feet (5 m).

Qalg Stream deposits related to Gilbert-episode lake 
and/or Great Salt Lake (middle Holocene? to up-
per Pleistocene?) – Moderately sorted, light olive-
gray sand, silt, and minor clay; very fine to medi-
um-grained sand; contains thin discontinuous sand 
lenses; subangular to angular sand grains; thin to 
medium bedded; sand grains include quartz, lithic 
fragments, and mica flakes; mapped along Interstate 
80 near 5600 West; mapped in abandoned channels 
and floodplains of a stream that once flowed into and 
through a regressive Gilbert-episode delta (Qdg; 
plate 2) (Murchison, 1989); could also be related to 

https://apps.geology.utah.gov/gwdp/
https://apps.geology.utah.gov/gwdp/
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Figure 2. Cropped Landsat 5 “natural color” image of the flooding that occurred during the 1987 highstand (4212 feet [1284 m]) of Great 
Salt Lake, showing 7.5' quadrangle boundaries and labels. Image date June 2, 1987.  Landsat 5 image courtesy of the U.S. Geological Survey.
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early Holocene highstand of Great Salt Lake based 
on elevation (see table 1); distinguished from Qdg 
by the lack of deltaic fans in aerial imagery; unit 
correlative with Gilbert-episode deltaic deposits in 
the undivided young deltaic deposits in the Magna 
quadrangle mapped as Qldy by Solomon and others 
(2007, 2018), and deltaic deposits mapped as units 
fdc, fdco, and fdcy by Van Horn (1979, 1982) in the 
Salt Lake City South and North quadrangles; ex-
posed thickness less than 15 feet (5 m).

Qat  Stream terrace deposits (upper to middle? Holo-
cene) – Moderately sorted, light olive-gray sand, silt, 
and minor clay; contains thin discontinuous sand 
lenses; very fine to medium-grained sand; subangu-
lar to angular sand grains; thin to medium bedded; 
sand grains include quartz, lithic fragments, and 
mica flakes; mapped on terraces 5 to 15 feet (1.5–5 
m) above the paleo-Jordan River channel (Baileys 
Lake-Goggin Drain area); may include minor allu-
vial and colluvial deposits from nearby slopes; ex-
posed thickness 15 feet (5 m).

Qafy Younger alluvial-fan deposits (Holocene to upper 
Pleistocene?) – Poorly to moderately sorted pebble 
to cobble gravel in a matrix of sand, silt, and clay, 
with boulders, on gentle slopes of Antelope Island; 
displays thin to thick planar bedding and low-angle 
cross-bedding; deposited by slope wash, debris flows, 
debris floods, and streams; mapped on the southwest 
part of Antelope Island in the Antelope Island South 
quadrangle; includes alluvial-fan deposits that either 
have not been differentiated because they are too 
small to show at map scale or are in areas where the 
specific age of Holocene deposits has not been deter-
mined; postdates regression of Lake Bonneville from 
the Provo shoreline; estimated thickness less than 30 
feet (10 m).

Deltaic Deposits

Qdy Younger deltaic deposits (upper to middle? Ho-
locene) – Poorly to moderately sorted, yellowish-
brown silt, fine sand, and clay; includes natural le-
vee deposits; sand grains are very fine to medium-
grained; subangular to angular sand grains; mapped 
on the lobate paleodelta that formed at the mouth 
of the paleo-Jordan River channel near and includ-
ing Browns Island and a likely younger abandoned 
Jordan River delta deposit in the northeast corner of 
the Baileys Lake quadrangle that is mostly contained 
in the Salt Lake City North quadrangle (McKean, 
2014) (plate 2); mapped on an elevated floodplain 
surface above young lacustrine mud deposits (Qlmy) 
where natural levee deposits form ridges and run 
parallel to abandoned river channels and distributary 
channels; natural levee deposit elevations may coin-

cide with Great Salt Lake intermediate and highstand 
shorelines; distinguished from young lacustrine and 
deltaic deposits (Qly and Qldy) by numerous natural 
levee deposits; locally includes a loess veneer and 
buried soil; exposed thickness less than 10 feet (3 m).

Qdd Deltaic distributary channel-fill deposits (middle 
to lower Holocene) – Moderately sorted, yellowish-
gray to light olive-gray silt with sand and clay; in-
cludes natural levee deposits; sand is very fine to fine 
grained; contains thin discontinuous sand lenses; 
subangular to angular sand grains; thin to medium 
bedded; sand grains include quartz, lithic fragments, 
and mica flakes; located where distributary chan-
nels of a bird’s-foot-style delta spilled out of the 
paleo-Jordan River channel southwest of Baileys 
Lake (plate 2); associated with the late Holocene 
highstand of Great Salt Lake based on elevation 
(Murchison, 1989); mapped where delta distributary 
channels incised down through the young lacustrine 
and deltaic deposits (Qldy) and deposited channel 
sediments and their associated natural levee deposits 
over Qldy; locally includes a loess veneer and buried 
soil; exposed thickness less than 10 feet (3 m).

Qdf  Deltaic-fan deposits (middle to lower Holocene) 
– Moderately sorted, yellowish-gray to light olive-
gray silt with interbedded sand and clay; sand is very 
fine to fine grained; contains thin discontinuous sand 
lenses; subangular to angular sand grains; thin to me-
dium bedded; sand grains include quartz, lithic frag-
ments, and mica flakes; mapped along the margins 
of the paleo-Jordan River channel near the Baileys 
Lake area and between the bird’s-foot-style delta 
distributary channels (plate 2); mapped where bar 
deposits fill the area between channels and conceal 
the young lacustrine and deltaic deposits (Qldy), and 
where crevasse splays breached the meander channel 
and deposited sediment; locally includes a surficial 
loess veneer; unit correlates with distributary-chan-
nel-fan deltaic deposit mapped as unit fm by Van 
Horn (1982) in the Salt Lake City North quadrangle; 
exposed thickness less than 6 feet (2 m).

Qdg Deltaic deposits related to Gilbert-episode lake 
and/or Great Salt Lake (middle Holocene? to upper 
Pleistocene?) – Moderately to well-sorted, moderate 
to dark yellowish-brown sand, silt, and minor clay; 
sand is fine to medium grained; contains thin dis-
continuous sand lenses; subangular to angular sand 
grains; thin to medium bedded; sand grains include 
quartz, lithic fragments, and mica flakes; mapped 
south of Interstate 80 near 5600 West where older 
(Gilbert episode and/or early Great Salt Lake) stream 
deposits (Qalg) fed and eventually flowed through 
the delta as lake levels fluctuated; mapped where a 
meander channel (Gilbert-episode paleo-Jordan Riv-
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er?) spread out into distributary channels and formed 
a delta deposit; distinguished from young lacustrine 
and deltaic deposits (Qldy) by the deltaic fans and 
channels visible on aerial photography (plate 2); lo-
cally includes a surficial loess veneer; unit may be 
correlative with Gilbert-episode deltaic deposits 
in the undivided young deltaic deposits (Qldy) in 
the Magna quadrangle (Solomon and others, 2007, 
2018), and distributary-channel-fill deltaic deposits 
mapped as units fdc, fdco, and fdcy by Van Horn 
(1979) and Qal2a by McKean (2017) in the Salt Lake 
City South quadrangle; Gilbert-episode age from 
Murchison (1989) based on elevation and location 
but could also be related to Great Salt Lake; exposed 
thickness less than 6 feet (2 m).

Human-Derived

Qh  Fill and disturbed land (historical) – Undifferenti-
ated earthen fill and/or disturbed land related to the 
construction of canals, landfills, tailings impound-
ment embankments, water control structures used for 
wetlands mitigation, migratory bird refuges, and duck 
club ponds, and fill used for construction of Interstate 
Highway 80 and 215 and railroad lines; includes con-
struction debris in landfills near 7200 West; only the 
larger areas of disturbed land are mapped, and many 
areas in these maps have been regraded and devel-
oped and may contain unmapped deposits of fill; the 
tailings embankment in the southwest corner of the 
Baileys Lake quadrangle and southeast corner of the 
Antelope Island South quadrangle is composed of 
coarse-grained tailings (Rio Tinto, undated); the tail-
ings embankment is 125 to 250 feet thick (40–75 m), 
but other fill thickness is probably less than 50 feet 
(15 m).

Qht  Tailings (historical) – Tailings from the active and 
historical mining operations associated with Ken-
necott/Rio Tinto operations; mapped in large im-
poundments in the southwest corner of the Baileys 
Lake quadrangle and southeast corner of the Ante-
lope Island South quadrangle and are composed of 
finer grained tailings (Rio Tinto, undated); a smaller 
disposal site is mapped northeast of the large active 
impoundment.

Lacustrine Deposits

Qlb  Lacustrine boulders (Holocene? to upper Pleisto-
cene) – Boulders deposited along beach and shore-
face of Lake Bonneville, Gilbert-episode lake, and 
Great Salt Lake, where fines have been removed by 
erosion; boulder fields are only mapped on bedrock 
knobs and strandlines of Antelope Island (after Doel-
ling and others, 1990, 2018); not differentiated by 
age; thickness as much as 10 feet (3 m).

Qlg  Lacustrine gravel and sand (Holocene to upper 
Pleistocene) – Moderately to well-sorted gravel 
and sand with minor silt, oolitic sand, and boulders; 
clasts are typically well rounded and sorted (Clark 
and others, 2017); thin to thick bedded; mapped as 
veneers over bedrock; ooids are located in the lower 
elevation deposits that are below the Great Salt Lake 
Holocene highstands (see table 1); only mapped on 
Antelope Island at and below the Provo shoreline, in-
cludes both transgressive and regressive Lake Bonn-
eville, Gilbert-episode lake, and Great Salt Lake de-
posits; not differentiated by age; thickness variable, 
0 to 100 feet (0–30 m).

Qlgy Young lacustrine gravel and sand (Holocene) – 
Moderately to well-sorted gravel and sand, includes 
oolitic sand, carbonate chips and clasts, and minor 
silt; quartz and lithic sand grains are angular to sub-
angular, oolitic sand is medium- to coarse-grained, 
ooid sand grains are rounded to subrounded; gravel 
is rounded to subrounded and locally derived, peb-
ble to boulder size, and carbonate clasts are sub-
rounded to angular and 1 to 6 inches (3–15 cm) in 
diameter and 1 to 2 inches (3–5 cm) thick; thin to 
medium bedded; sand grains are 25% to 75% ooids 
with varying amounts of quartz, lithic fragments, 
carbonate pebbles, and mica flakes; ooids formed in 
Great Salt Lake and were transported onto Antelope 
Island beach deposits by wave action; carbonate 
chips and pebbles appear to be rip-up clasts of ce-
mented ooids and/or laminated algal mats that have 
washed up on the shore; mapped on the beaches and 
spits of Antelope Island; interbedded with or later-
ally gradational with playa mud deposits (Qlpm) 
and oolitic sand deposits (Qlos); thickness 1 to 10 
feet (0.3–3 m).

Qlgb Lacustrine gravel and sand related to Bonneville 
shoreline and transgressive phase of Lake Bonn-
eville (upper Pleistocene) – Moderately to well-
sorted gravel and sand, and minor silt, and boulders; 
clasts are typically well rounded and sorted (Clark 
and others, 2017); thin to thick bedded; mapped as 
veneers over bedrock; only mapped between the 
Bonneville and Provo shorelines on Antelope Island; 
thickness variable, 0 to 100 feet (0–30 m).

Qll  Lagoon-fill deposits (Holocene) – Moderately 
sorted, yellowish-gray silt and clay with sand and 
gravel;  quartz sand is fine to coarse grained and 
subangular to angular, contains ooids deposited 
from Great Salt Lake during high water years, where 
present the ooids comprise up to 25% of the unit; 
subrounded to rounded pebble gravel common near 
spit gravel bars; mapped behind Holocene spits on 
the south side of Antelope Island; estimated thick-
ness less than 10 feet (3 m).
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Qlos Lacustrine oolitic sand deposits (Holocene) – Mod-
erately to well-sorted, light olive-gray to yellowish-
gray oolitic sand, carbonate chips and clasts, and 
minor silt; oolitic sand is medium to coarse grained; 
quartz and lithic sand grains are angular to subangu-
lar and ooid sand grains are rounded to subrounded; 
carbonate chips and clasts are subrounded to angu-
lar; thin to medium bedded; sand grains vary from 
10% to 75% ooids (with higher concentrations near 
the Great Salt Lake beach ridge crest), with varying 
amounts of quartz, lithic fragments, carbonate frag-
ments, and mica flakes; carbonate chips and clasts 
are 0.5 to 6 inches (1–15 cm) in diameter and 1 to 
2 inches (3–5 cm) thick; ooids formed in Great Salt 
Lake and were deposited on delta barrier bars and 
islands by wave action; carbonate chips and clasts, 
commonly flat in shape, appear to be rip-up clasts 
of cemented ooids and/or laminated algal mats or 
microbialite carbonates (Qlmk) that have washed up 
on the shore; mapped on the delta front of the lobate 
paleodelta (Qdy) that formed at the mouth of the 
paleo-Jordan River meander channel near Browns 
Island (plate 2), extends eastward and southwest 
on small islands and barrier bars near the Great Salt 
Lake shoreline; mapped on surfaces that are elevated 
above young lacustrine mud deposits (Qlmy) and 
younger deltaic deposits (Qdy); interbedded with 
or laterally gradational with playa mud deposits 
(Qlpm) and lacustrine sand and gravel (Qlgy); typi-
cally overlies lacustrine silt and clay deposits; thick-
ness 1 to 6 feet (0.3–2 m).

Four samples were collected from the lobate delta 
beach ridge crest or barrier bar of unit Qlos (table 2; 
Antelope Island South quadrangle). Three ooid sam-
ples were collected from two distinct layers separat-
ed by an A-horizon soil that developed on the lower 
deposit (figure 3), and a bulk soil sample was also 
collected from the soil (McKean and others, 2016). 
The ooid cortex and core radiocarbon ages from the 
upper and lower deposits show formation between 
6000 and 7500 cal yr B.P. (calibrated radiocarbon 
age range rounded to nearest 500 years from McKean 
and others, 2016). We also used radiocarbon to date 
the organic material in the soil developed on the low-
er ooid deposit and it had an average calibrated age 
of 344 ± 15 cal yr B.P. (McKean and others, 2016). 
Ooids formed in Great Salt Lake between 6000 and 
7500 years ago were transported along the shore and 
deposited on the paleo-Jordan River lobate delta bar-
rier bar. The young soil probably developed during 
a period of low Great Salt Lake levels, followed by 
lake level rise and deposition of a second barrier bar 
ooid deposit over the first (figure 3), but the young 
soil age could also be interpreted as contamination 
of the bulk sample by modern rootlets (McKean and 
others, 2016). 

Qlpm Lacustrine and playa mud deposits (Holocene) – 
Moderately to poorly sorted, light olive-gray silt and 
clay with oolitic sand; sand is fine to coarse grained 
and interlayered with the clay and silt, but also forms 
thin discontinuous sand lenses; sand makes up ap-
proximately 25% to 50% of the playa mud deposit; 
locally the mud and sand are underlain by an olive-
gray to olive-black clay and silt, and in places by 
Lake Bonneville clay, marl, and sand with ostra-
codes; quartz and lithic sand grains are angular to 
subangular and ooid sand grains are rounded to sub-
rounded; thin to medium bedded; sand grains vary 
from approximately 25% to 75% ooids, and variable 
quartz, lithic fragments, and mica flakes; locally 
includes halite, gypsum, and other salts that form 
thin deposits on the playa surface; located along the 
shore of Great Salt Lake where ooids are potentially 
forming in situ during high water or being brought 
into the beach and shoreface by wave action; locally 
contains carbonate chips and clasts; interbedded with 
or laterally gradational with young lacustrine mud 
deposits (Qlmy), oolitic sand deposits (Qlos), and 
lacustrine sand and gravel (Qlgy); in some locations 
fins and ridges of desiccated and eroded carbonate 
microbialite mounds are contained in the playa mud 
(see unit Qlmk); mapped as unit Qli by Sack (2005) 
in the Clearfield quadrangle; exposed thickness of 0 
to 3 feet (0–1 m).

Qlmy Young lacustrine mud deposits (Holocene to upper 
Pleistocene?) – Moderately to well-sorted, yellow-
ish-brown to olive-gray silt, clay, and minor sand; 
sand is fine to medium grained; silt is unbedded with 
thin discontinuous stringers of clay and sand; clay 
is light olive-gray to olive-gray marl and is locally 
mottled; the sand is olive gray to moderate brown 
and composed of subangular to angular grains of 
quartz, lithic fragments, and mica flakes, and locally 
ooids; locally includes halite, gypsum, and other 
salts that form thin deposits on the ground surface; 
mapped on mud flats between lacustrine and deltaic 
sediments (Qly, Qldy), conceals deltaic distributary 
channels in the lobate delta (Browns Island) area; 
mapped on lightly to non-vegetated mud flats that 
are flooded periodically by Great Salt Lake, shallow 
groundwater, or occasionally by water-control struc-
tures that flood these lowlands for wetlands miti-
gation or ponding for duck clubs and bird refuges; 
distinguished on aerial photographs from Qly by the 
characteristic, low-lying, white mud flats and lack of 
vegetation; includes mud flats from Holocene high-
stands above the historical high of Great Salt Lake; 
interbedded with or laterally gradational with playa 
mud deposits (Qlpm); unit may include Gilbert or 
regressive Bonneville clays where the Gilbert tufa is 
absent; in places the unit forms a thin veneer over the 
underlying Gilbert-age tufa breccia (tufa found in the 
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Figure 3. North view of the sample trench located within the lobate delta barrier bar of the Antelope Island South and Baileys Lake quadrangles. 
(A) The lower ooids are darker gray than the upper ooids and have a soil developed on the upper surface; the upper ooids overlie the soil in fine-
grained laminate deposition, followed by higher angle beds that are coarser grained with angular to rounded carbonate grains (both spherical 
and flat in nature). Tape measure in inches/feet for scale. (B) Approximately same view as A. The red highlighted areas represent the ooid samples 
and the yellow highlighted area represents the bulk soil sample for radiocarbon dating (see table 2, and McKean and others, 2016).
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subsurface as a cemented layer or broken pebble-size 
clasts) and clay, and Bonneville age olive-gray and 
red-brown clay and olive-gray quartz sands (see fig-
ure 4) (Hylland and others, 2012, 2014); unit correla-
tive with lacustrine mud deposits mapped as Qlmy in 
the Magna quadrangle by Solomon and others (2007, 
2018); estimated less than 10 feet (3 m) thick. 

Qlmk Lacustrine mud and microbial carbonates (Holo-
cene?) – Desiccated and eroded carbonate microbial-
ite mounds within the playa mud and oolitic sands 
(figure 5); fins and ridges of wavy elongate ovals 
with single and double ridges that are aligned to the 
northwest; some ovals are larger than 3 feet (1 m) in 
length (see figure 5), individual pieces of carbonate 
ridges are 6 to 12 inches (15–30 cm) long, 4 to 8 
inches (10–20 cm) tall, and 1 to 3 inches (2–7 cm) 
wide; one deposit mapped along the southeast shore 
of Great Salt Lake; erosion has removed the upper 
surface and inner parts of the mounds; similar to 
microbial mounds, ridges (on polygonal desiccation 
ridges), and mats present in other areas around Great 
Salt Lake (see Vanden Berg and others, 2015, 2016; 

Frantz and others, 2017; Janecke and Evans, 2017); 
other unmapped microbial deposits may exist in the 
playa mud deposits (Qlpm) or below the historical 
average Great Salt Lake water-level elevation; car-
bonate ridges about 1 foot (~0.3 m) thick, exposed 
mud deposits 0 to 3 feet (0–1 m) thick.

Qly  Young lacustrine deposits (Holocene to upper 
Pleistocene?) – Moderately sorted silt, sand, clay, 
and marl; dark yellowish-brown silt, olive-gray 
quartz sand, light olive-gray clay, and yellowish-gray 
marl; quartz sand is fine to coarse grained and sub-
angular to angular; sand locally contains ooids (5% 
to 15%); mapped where lacustrine sediments form 
low “islands” or elevated mounds, surrounded by 
or including young lacustrine mud deposits (Qlmy) 
and spring and marsh deposits (Qsm); distinguished 
from Qlmy by the presence of vegetation, the lack of 
mud flats, and an elevated island-like geomorphol-
ogy; distinguished from younger deltaic (Qdy) and 
lacustrine and deltaic (Qldy) deposits by the lack of 
natural levee deposits and deltaic distributary chan-
nels; as mapped, unit may include or be underlain by 

Figure 4. View to northeast of Bonneville and post-Bonneville deposits exposed in the canal cut of the Goggin Drain, Baileys Lake quadrangle. 
Units from top to bottom are: (A) upper light gray fine sand and clay that may be post-Bonneville Gilbert-episode and/or Great Salt Lake 
sediments, (B) slope-forming light olive-gray regressive Lake Bonneville clay and silt, and (C) transgressive Lake Bonneville red-brown clay 
and marl. No direct ages have been determined for this site, but units are probably lithologically correlative with deposits exposed at the 
Baileys Lake paleoseismic trench site where Gilbert-episode deposit OSL samples yielded 11.5 ± 5.2 ka and 12.5 ± 1.8 ka; regressive-phase 
deposits ranged from 13.1 ± 1.2 ka and 14.1 ± 1.6 ka; and transgressive-phase deposits ranged from 19.3 ± 0.8 ka to 31.6 ± 3.3 ka (Hylland 
and others, 2012, 2014). Exposed bank is 5 to 7 feet (1.5–2 m) tall. Photograph location 40.816660° N, 112.101024° W, NAD83.
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Gilbert-age tufa breccia (tufa found in the subsurface 
as a cemented layer or broken pebble-size clasts) and 
clays, and Bonneville-age olive-gray and red-brown 
clays and olive-gray quartz sands (Hylland and oth-
ers, 2012, 2014); the lacustrine deposits have ero-
sional and depositional Great Salt Lake shorelines 
on the islands; locally includes a loess veneer and 
buried soil; unit correlative with young lacustrine 
deposits mapped as Qly in the Magna quadrangle by 
Solomon and others (2007, 2018); exposed thickness 
less than 6 feet (2 m).

Spring and Marsh Deposits

Qsm Spring and marsh deposits (Holocene) – Silt, clay, 
and organic-rich sediment associated with springs, 
ponds, seeps, and wetlands; commonly wet, but 
seasonally dry; may locally contain peat deposits; 
overlies young lacustrine deposits (Qly); mapped 
where the water table is high: supports the growth of 
tall reeds which aid mapping on aerial photographs; 

some marsh deposits are the result of impounded 
water and wetlands controlled by dikes and water-
control actions of the duck clubs, for wetlands miti-
gation, and for migratory bird refuges; some smaller 
spring and marsh deposits are not mapped because 
they are too small to show separately at map scale; 
estimated thickness less than 6 feet (2 m).

Mixed-Environment Deposits

Qldy Young lacustrine and deltaic deposits (Holocene 
to upper Pleistocene?) – Well to moderately sorted, 
light olive-gray to moderate yellowish-brown, silty 
sand, clay, and marl; commonly more clay rich with 
very little silt and sand; contains thin to medium-
bedded discontinuous sand, clay, and silt lenses; 
sand is fine to medium grained, subangular to round-
ed; sand grains include quartz, lithic fragments, and 
mica flakes; distinguished from younger deltaic de-
posits (Qdy) by its broad, uniformly flat geomorphic 
surface along the paleo-Jordan River channels and 
deltas, and from young lacustrine deposits (Qly) by 
the presence of  alluvial channels, deltaic distribu-
tary channels, and deltaic fan deposits overlying 
and incised into the deposit; locally includes an up-
per and lower surficial loess veneer separated by a 
buried soil; correlates with both young lacustrine 
deposits (Qly) and young deltaic deposits (Qldy) as 
mapped by Solomon and others (2007, 2018) in the 
northern part of the Magna quadrangle, as well as 
deltaic deposit units mapped as units ldc, ldm, fm, 
fdf, fdc, fdco, and fdcy by Van Horn (1979, 1982) 
in the Salt Lake City South and North quadrangles; 
may include Gilbert-age tufa breccia (tufa found 
in the subsurface as a cemented layer or broken up 
pebble-size clast) and clays, and Bonneville age ol-
ive-gray and red-brown clay and marl and olive-gray 
quartz sands (Hylland and others, 2012, 2014); Hyl-
land and others’ (2012, 2014) paleoseismic trench 
(in this unit) yielded ages for the surficial loess and 
underlying Gilbert, Bonneville, and pre-Bonneville 
deposits: optically stimulated luminescence (OSL) 
dating yielded ages of  3.2 ± 0.5 ka and 12.5 ± 1.4 
ka for upper and lower loess deposits, respectively, 
11.5 ± 5.2 ka and 12.5 ± 1.8 ka for Gilbert-episode 
deposits, 13.0 ± 1.2 ka to 14.1 ± 1.6 ka for regressive 
phase deposits, and 19.3 ± 0.8 ka to 31.6 ± 3.3 ka for 
transgressive phase deposits, and radiocarbon dating 
yielded an age of 35.8 ± 0.8 cal ka for pre-Bonneville 
deposits; exposed thickness less than 10 feet (3 m).

Stacked-Unit Deposits

Qh/Tsl Human disturbance over Salt Lake Formation, un-
divided (historical over Pliocene? to Miocene) – One 
area of deposits and disturbed ground from aggregate 

Figure 5. View to northwest of the southeastern shore of Great Salt 
Lake showing fins and ridges of desiccated and eroded carbonate 
microbialite mounds that are contained within the playa mud (Qlmk). 
The wavy carbonate ridges form ovals (single and double walled) that 
align to the northwest; erosion has removed the upper surface and 
inner parts of the mounds. Photograph from Antelope Island South 
quadrangle, approximate location 40.8081° N, 112.1395° W, NAD83.
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quarrying at a large gravel pit on the southeast side 
of Antelope Island; quarrying mostly removed gravel 
and sand deposited by Lake Bonneville exposing 
Neogene Salt Lake Formation; only mapped on An-
telope Island near the northern border of the Antelope 
Island South quadrangle; thickness variable. 

Qsm/Qaly

Spring and marsh deposits over young stream de-
posits, undivided (Holocene) – A veneer of spring 
and marsh deposits partly conceal young stream 
deposits; mapped where marsh reeds and wetlands 
fill the lowlands created by the paleo-Jordan River 
channel near the Baileys Lake area (plate 2); some 
marsh deposits may be the result of impounded water 
and wetlands controlled by dikes and water-control 
actions for wetlands mitigation and migratory bird 
refuges; smaller spring and marsh deposits are not 
mapped because they are too small to show sepa-
rately at map scale; estimated thickness of Qsm less 
than 6 feet (2 m) and the exposed thickness of Qaly 
is less than 15 feet (5 m).

Unconformity

TERTIARY (NEOGENE)

Tsl  Salt Lake Formation, undivided (Pliocene? to 
Miocene) – Only mapped as a stacked unit (Qh/Tsl), 
gray to light gray tuffaceous sandstone, conglomer-
ate, volcanic ash, marl, and mudstone (unit descrip-
tion modified from Doelling and others, 1990, 2018; 
Willis and Jensen, 2000; Willis and others, 2010; 
and Clark and others, 2017); tuffaceous sandstone is 
very fine grained, moderately indurated, laminated 
to medium bedded, locally cross-bedded, noncalcar-
eous, and porous; conglomerate is crudely stratified 
with clasts of quartzite and limestone cobbles that 
are subangular to subrounded in a calcareous sandy 
matrix; volcanic ash consisting of glass shards (up 
to 100% angular volcanic glass) is present within 
poorly exposed fine-grained sediments; only a 
small exposure (Qh/Tsl) is within the Antelope Is-
land South quadrangle near the northern boundary, 
the unit is more widely exposed to the north on the 
eastern side of Antelope Island in small outcrops, 
float, and within a now-reclaimed sand and gravel 
pit; tephrochronology from tuffs on the east side of 
Antelope Island indicate ages from 11 to 8 Ma (Wil-
lis and Jensen, 2000), Bryant and others (1989) re-
ported a fission track age on zircon of 6.1 ± 1.1 Ma; 
based on nearby samples with ages of 11 to 8 Ma, 
Willis and Jensen (2000) suggested that the Bryant 
and others (1989) ages may err on the young side; 
see Clark and others (2017) for regional ages of Tsl; 
assuming no structural complexities and a uniform 

strike and dip thickness on Antelope Island, unit Tsl 
is at least 1800 feet (550+ m) thick.

Major unconformity

CRETACEOUS TO PALEOPROTEROZOIC

Farmington Canyon Complex – In the Wasatch Range, Bry-
ant (1988) divided the Farmington Canyon Complex into four 
main units: (1) quartz-monzonite gneiss, (2) migmatite, (3) 
schist and gneiss, and (4) quartzite, gneiss, and schist. Yon-
kee and Lowe (2004) divided the complex into nine mappable 
units. Correlation with units between the Wasatch Range and 
Antelope Island is unclear (see Bryant, 1988; Yonkee and 
Lowe, 2004; Coogan and King, 2016; and Clark and others, 
2017). On Antelope Island Doelling and others (1990, 2018) 
mapped 11 units, Yonkee and others (2000a) revised this to 
10 units. Willis and others (2010) also revised some units 
and mapping of Antelope Island. Using Yonkee and others’ 
(2000a) revised subdivision of the Paleoproterozoic Farming-
ton Canyon Complex, seven units are mapped on the Antelope 
Island South quadrangle: (1) layered gneiss (Xfcl), (2) quartz-
rich gneiss (Xfcq), (3) metamorphosed ultramafic rock (Xfcu), 
(4) banded gneiss (Xfcb), (5) granite and pegmatite (Xfcp), 
(6) chloritic gneiss, and (7) phyllonite and mylonite. Farm-
ington Canyon Complex units previously mapped by Doel-
ling and others (1990, 2018) as chloritized gneiss, mylonite, 
and phyllonite and by Yonkee (1992) and Yonkee and oth-
ers (2000a) as chloritic gneiss and phyllonite, and mylonite, 
have experienced Cretaceous retrograde metamorphism and 
deformation and are here combined and mapped as altered 
and deformed rocks (KXa) after Coogan and King (2016) and 
Clark and others (2017). The Farmington Canyon Complex is 
Paleoproterozoic based on geochronologic data in nearby ar-
eas; Barnett and others (1993) reported 207Pb/206Pb monazite 
ages from gneisses that range from 1640 to 1720 Ma; Nelson 
and others (2002, 2011) reported a mean monazite microprobe 
age of 1705 ± 90 Ma from a gneiss; Mueller and others (2011) 
reported a 207Pb/206Pb age of 2450 Ma for inherited zircon 
in the granitic gneiss body and a ~1700 Ma 207Pb/206Pb age 
for metamorphic zircon overgrowths (table 6; Nelson and oth-
ers, 2011; Mueller and others, 2011). 40Ar/39Ar ages of syn-
deformational sericite found in ductile deformation zones are 
mostly between 110 and 140 Ma (Yonkee, 1990) and record 
the Cretaceous retrograde metamorphism and deformation 
that overprinted earlier structures (Yonkee, 1990; Yonkee and 
others, 2000a), see unit KXa. 

Xfc  Farmington Canyon Complex, undivided (Paleo-
proterozoic) – Undivided metamorphic and altered and 
deformed rocks (KXa), only shown on cross sections.

KXa Altered and deformed rocks (Cretaceous, Paleo-
proterozoic) – Altered and deformed rocks of the 
Farmington Canyon Complex, altered to dark-green 
to greenish-black chloritic and dark-reddish-brown 
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hematized gneiss, phyllonite and mylonite (unit de-
scription modified from Doelling and others, 1990, 
2018; Yonkee and others, 2000a; Willis and others, 
2010; and Clark and others, 2017); locally cut by 
quartz veins and silicic alteration; chloritic gneiss 
grades into phyllonite and mylonite; original min-
erals within the chloritic gneiss are altered to ser-
icite, fine-grained chlorite, biotite, stilpnomelane, 
epidote, and albite; phyllonite and mylonite shear 
zones are composed of sericite, chlorite, quartz, and 
feldspar; only mapped on Antelope Island, but may 
represent some of the metamorphic basement rocks 
encountered in drill holes (e.g., Arnow and Mattick, 
1968; Willis and Jensen, 2000); previously mapped 
by Doelling and others (1990, 2018) as chloritized 
gneiss, mylonite, and phyllonite (units XWfg and 
XWfs) and by Yonkee and others (2000a) as chlo-
ritic gneiss and phyllonite, and mylonite; retrograde 
metamorphism and deformation of older Farmington 
Canyon Complex rocks likely occurred during the 
Cretaceous Sevier orogeny (Yonkee, 1990; Yonkee 
and others, 2000a), the rocks are here mapped as unit 
KXa after Clark and others (2017).

Xfcp Granite and pegmatite (Paleoproterozoic) – Small 
knobby plutons of red granite are mapped on the An-
telope Island South quadrangle; map unit description 
includes units to the north on the rest of Antelope 
Island; white to light gray and pink, weakly to nonfo-
liated, coarse-grained granite and pegmatite (unit de-
scription modified from Doelling and others, 1990, 
2018; Yonkee and others, 2000a; Willis and others, 
2010; and Clark and others, 2017); includes pegma-
titic granite on the eastern part of the island, garnet-
muscovite-bearing granite that forms small pods, 
red granite that forms small plutons on the southern 
part of the island, and pegmatite that forms dikes and 
pods; granite and pegmatite samples contain quartz 
(25%–40%), plagioclase (20%–35%), and potassium 
feldspar (30%–50%), with minor muscovite, garnet, 
biotite, and accessory minerals; unit is composition-
ally granite based on mineral modes; grain sizes vary 
from <1 to 10 mm in granite and locally >1 cm in 
pegmatite; weakly to nonfoliated; intrusive cross-
cutting relationships indicate the granite and pegma-
tite unit is younger than most Farmington Canyon 
Complex units; dike emplacement occurred after 
most metamorphism; variable origins including par-
tial melting of layered gneiss and late-stage intrusion 
into the Farmington Canyon Complex.

Xfcb Banded gneiss (Paleoproterozoic) – Light- to pink-
ish-gray, locally migmatitic gneiss with well-devel-
oped layering and foliation; hornblende-bearing, 
quartz-feldspar gneiss with lenses of hornblende-
plagioclase gneiss and intruded by pegmatitic gran-
ite (unit description modified from Doelling and M
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others, 1990, 2018; Yonkee and others, 2000a; Wil-
lis and others, 2010; and Clark and others, 2017); 
contains quartz (30%–35%), plagioclase (25%–
40%), potassium feldspar (15%–30%), hornblende 
(5%–10%), biotite (5%–10%), possible pyroxene, 
and accessory minerals including zircon, allanite, 
and apatite; unit is granitic to granodioritic in com-
position based on mineral modes; gneiss and gran-
ite are generally resistant and form ridges; mapped 
near the northern boundary of the Antelope Island 
South quadrangle; contacts are gradational or inter-
layered; gneiss probably represents margin of a Pa-
leoproterozoic granite intrusion that occurred prior 
to or synchronous with metamorphism. 

Xfcu Metamorphosed ultramafic rock (Paleoprotero-
zoic) – Dark-green to black, metamorphosed ul-
tramafic rocks consisting of amphibole, pyroxene, 
and rare olivine that are variably altered to chlorite, 
serpentine, and talc (unit description modified from 
Doelling and others, 1990, 2018; Yonkee and others, 
2000a; Willis and others, 2010; and Clark and others, 
2017); contains amphibole (15%–30%), pyroxene 
(10%–15%), olivine (0%–10%), alteration minerals, 
and accessory minerals; commonly forms dike- and 
sill-like masses within layered gneiss; mapped at 
two outcrops on the southeast side of Antelope Is-
land; weak to well-developed foliation, widespread 
alteration to serpentine; may represent parts of Pa-
leoproterozoic ultramafic lava flows, layered mafic 
complex, or oceanic crust.

Xfcq Quartz-rich gneiss (Paleoproterozoic) – White to 
light-gray quartz-plagioclase gneiss with minor lay-
ered gneiss and biotite schist; weathers to vitreous, 
milky to greenish-gray (unit description modified 
from Doelling and others, 1990, 2018; Yonkee and 
others, 2000a; Willis and others, 2010; and Clark 
and others, 2017); consists of quartz (80%–95%), 
plagioclase (5%–10%), biotite (0%–5%), muscovite 
(0%–5%), and accessory minerals including magne-
tite, zircon, and hematite; forms resistant ridges of 
concordant lenses ranging from 3 to 100 feet (1–30 
m) wide within the layered gneiss (Xfcl); foliation 
defines preferred orientation of mica, and quartz is 
recrystallized; probably metamorphosed Paleopro-
terozoic quartz-rich sedimentary protolith.

Xfcl  Layered gneiss (Paleoproterozoic) – Light- to dark-
gray to brown to pink layered gneiss, migmatitic with 
well-developed compositional layering of quartzo-
feldspathic, biotite-rich, quartz-rich, amphibolite 
layers from 0.2 to 6 feet (0.05–2 m) thick (unit de-
scription modified from Doelling and others, 1990, 
2018; Yonkee and others, 2000a; Willis and others, 
2010; and Clark and others, 2017); contains wide-
spread pegmatitic dikes, lenses of biotite schist and 

quartz-rich gneiss and rare pods of metamorphosed 
ultramafic and mafic rock; grades locally to biotite 
schist and quartz-rich gneiss; mineral abundances of 
layered gneiss consist of variable amounts of quartz 
(20%–45%), plagioclase (25%–45%), potassium 
feldspar (5%–15%), biotite (5%–30%), garnet (0%–
10%), and rare sillimanite and cordierite, accessory 
minerals include zircon, allanite, and apatite; weath-
ers to brown slopes and subdued ledges; well-devel-
oped foliation and compositional layering, isoclinal 
folds, migmatitic texture; U-Pb zircon age of 1691 
± 26 Ma from layered gneiss on southern Antelope 
Island (Nelson and others, 2011) (table 6, sample 
01FCC8; Antelope Island quadrangle, map number 
ZR1); probably metamorphosed Paleoproterozoic 
graywacke and feldspathic sandstone protolith (Wil-
lis and others, 2010).
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